The Pukekohe Primary School drew in about 600 children from the surrounding area, and Allan was recognized as an excellent pupil and bright student, although he had a keen interest in rugby, or 'footy'. There is a strong Wilson family tradition of rugged physical exertion, promoted by both of his parents, who had been actively engaged in sports. This eventually carried over to Allan's usual weekend appearance in shorts and flip-flops during the height of northern California's foggy summer days of just 7 °C, with everyone else swaddled in fleece or down. He always attributed his extreme cold tolerance to a wild childhood running on the rugby field, and to his membership with the Selwyn College rugby team, playing in the sleet and snow.
As part of farm life, Allan entered calves in the competition of his school's calf club, which entailed taming and hand-feeding his animals, grooming them, and preparing for the spring event still celebrated in some New Zealand country schools even now. As he matured, he took a heightened interest in helping his father improve the dairy herd's breeding stock and was given a pedigreed heifer calf to raise by a family friend, who told him to bring it back for breeding to his prize bull when it was old enough. Charlie Wilson used the bull sired from this union to improve the Wilson's herd, and the farm produced a line that eventually won several prizes for the family. Allan kept the logbook for the family's cattle breeding programme, with entries including delightfully earthy names such as Tough Tit, Big Maori, Droopy, and Lame Leg. Allan's strong interest in animal husbandry led many to believe that he would eventually become a veterinarian, but he changed course. Drawn to biochemistry, the deep knowledge he had gained working in the farm helped fuel a strong interest in understanding the ruminant lifestyle: where did they acquire the bacterial ecosystem that survived stomach acids, and how was it that these microbes allowed a cow to extract essential nutrients unavailable to other mammals? He was to explore questions raised by commensal species for the rest of his life (9, (15) (16) (17) 19 , 21)*.
His attachment to the farm also served as a flashpoint that we students learned to exploit, as we discovered the one sure way to get under his normally unflappable exterior. Most Americans associate New Zealand with sheep. One Monday we had an argument over some experiment during a laboratory group meeting. After lunch I posted a cartoon from the New Yorker magazine on his office door with a caption roughly rendered 'I'm from New Zealand, all I know is sheep'; Allan came barrelling into his lab demanding to know who had put such an insulting note up for everyone to see. I admitted I had done it and apologized for offending him. He became very quiet and then took me gently aside. I thought I was in for a major dressing down, but instead, he related to me the hard life on the farm and how his parents sacrificed, taking on extra jobs, to help send him and his brother to King's College secondary school, where he would lose his New Zealand accent and have opportunities that they could only imagine. My making fun of New Zealanders as colonial rubes with such a cruel animal joke was a sure sign of upper-class oppression. And it was a dairy, not a sheep ranch! I replied that my mother had been raised on a farm in the Midwest, the oldest girl of eight children, and I told him I fully understood his reaction, but that there were snobs at Berkeley as well, judging from the reactions I got when I said I was born in Iowa. From then on, the sheep jokes kept coming. Miniature sheep appeared mysteriously in the aspirin supply he kept in a desk drawer to help with migraine headaches. His office door would open and a small mechanical sheep herd would suddenly buzz across the floor. There were reprint requests from sheep stations in Australia. Returning from a meeting, he found an inflatable sheep sitting on his office chair.
Menus from restaurants specializing in whole roasted sheep (and sometimes goats) mysteriously appeared in his mailbox. Laminated pictures of sheep descended outside his fourth-floor office window, carefully anchored from the Biochemistry building's rooftop. The desensitizing seems ruthless when I now consider what we subjected him to.
In 1947, after the end of World War II, Eunice Wilson enrolled Allan as a day boy in King's College in Otahuhu, a little south of Auckland. The local Sunday school teacher, a vicar's wife, convinced Allan's mother that the world would open up for Allan if only he could be sent outside Pukekohe for secondary school. His mother took additional odd jobs, serving in local tea rooms, to cover the school fees for them. King's College drew boys from prominent, professional families, and although it is now coeducational, it still attracts the children of statesmen, business tycoons, medical professionals, well-known politicians, gentleman farmers, and lawyers. At King's he again made his skill in mathematics and, later, chemistry known to teachers. To get to school, Allan (and, later, Gary) had to ride their bicycles from the farm to the steam train station, then take a 20-mile trip to campus. The yellow, weathered train station was still standing in the winter of 2011, and Gary (now a journalist) graciously explained to me their experience of carefully timing their arrival on their bikes to the last possible second, then careering down a hill at top speed once they sighted the train from a nearby farm road. If they mistimed it, they had a slim chance of making it to the next station before the train stopped there to pick up more passengers. His description reminded me, more than anything else, of Allan's approach to catching an aeroplane, which usually entailed us making a lastminute run across the San Francisco Bay Bridge to the airport south of the city, with him in the passenger seat grinning and on the lookout for the California Highway Patrol the whole way. He hated waiting for anything.
Missing the train and an encounter with a professional scientist leads to a new direction Allan's sister, Colleen (a former nurse), recalled in an interview broadcast in 1988 that Allan credited missing the train home one night with an event that changed his direction away from veterinary school. He spent that extra hour in the King's library reading a book that suggested a person would need to become familiar with the basic processes that produced biological diversity if they were to really understand biology, including the radiation of plants and animals around the planet. (She suggests that the book was 'Baldwin on biochemical evolution', I believe referring to Baldwin (1937) .) If this is so, he was introduced to the idea that enzyme-catalysed metabolic dynamics were fundamental to all living systems, providing a unifying framework with which to study biodiversity. The second event that changed his life was his uncle's introduction to a local celebrity, Dr Campbell Percy McMeekan, the head of the Ruakura Animal Research Station, after being taken to a conference at which local farmers could learn about the ongoing research and new discoveries. McMeekan was a Cambridgeeducated animal scientist who succeeded in getting the government-backed dairy unit on the station operational before the permission to build it was even granted! He encouraged Allan to go to Otago instead of veterinary school, and suggested that he study biochemistry, with which he could explore more fundamental processes essential to animal and plant life. Allan was picking up odd summer jobs at the time to help defray his education, often at a vegetable plant processing peas, the night shift at a dairy factory producing butter and powdered milk, and working at a bakery; during holidays he was posted in a tent as a traffic monitor counting vehicles going though the local Glenbrook/Patumahoe intersection. The University of Otago at Dunedin was hundreds of miles away on the South Island, several days' travel by train, ferry, train again, and-if he was lucky-a few stints of hitching a ride (figure 1). It was not easy for him financially, but he enrolled as a 17-year-old in 1952 and finished his BSc with a double major in zoology and chemistry. He made a special return trip back to Otago in 1989, where he was awarded an honorary doctorate in science (figure 2).
His experience at Otago crystallized his thoughts into the formal sense that evolutionary biology was being crippled by overspecialization and a lack of communication. He expressed dismay that if you became expert in comparative anatomy and natural history of a set of organisms, you usually lacked the vocabulary and/or background to ask the right questions of a chemist or biochemist concerning some essential feature in the very adaptation whose morphology or behaviour you wanted to understand. Where were the hormones, the enzymes or the structural proteins that carried out the cell's business? And, if one understood the enzyme's kinetics, did you know where, when or how in what animal or plant the enzyme actually was synthesized and stored?
a Maturation of interests and professional focus While at Otago, Allan met the visiting American physiologist Dr Donald S. Farner, who encouraged him to apply to graduate school under his tutelage at Washington State University in Pullman, eastern Washington. He eventually went to work with Farner in the Laboratory of Zoophysiology for several years after completing his military service in New Zealand. His daughter, Ruth, has related that he routinely directed latrines to be dug in areas that he wished to explore for fossils, making the best of this break from formal science. It is difficult to imagine what went through his mind when he first saw this locale, isolated enough to be home to a major nuclear production facility, compared with green New Zealand. With Farner, he studied white-crowned sparrows (genus Zonorichia) in the Snake River Canyon, and graduated from Washington State University with an MS in zoology in 1957. In his master's project he explored how hormones regulated the behavioural cycles of birds, including the onset of migratory restlessness, along with annual breeding and moult (1, 2). Linking behaviour to physiology became an important goal for him, leading to deeper questions about variation between closely related species. When it came time to begin his own research lab, he strongly supported students who attempted to do both things, bridging the gaps between organismal and molecular evolution. He formed strong collaborative research teams that can be reflected in the collection of experts he assembled for his publications covering mammals, amphibians, fish, birds, insects, plants and fungi. Throughout this time, he also continued to advise his father on cattle breeding operations, until Charlie died suddenly in 1960.
After graduation from Washington University he continued on to the University of California (UC), Berkeley, to study with Dr Arthur Pardee, and received his PhD in Biochemistry under Pardee's direction from Berkeley in 1961. Pardee was a former student of Linus Pauling's and had recently returned to Berkeley from a sabbatical in Paris with François Jacob and Jacques Monod. This was an exciting time to join the laboratory, given the flash of insight that Pardee had contributed to an awareness of how a bacterial gene could be controlled by a regulatory protein combining with a discrete site adjacent to it on the bacteria's chromosome, referring to the mechanism of gene control in the famous PaJaMo paper (Pardee et al. 1959) . Allan explored gene regulation further with Pardee, authoring papers about metabolically important compounds that figured in the expansion of bacterial life on Earth, and searching for biochemical clues that would underlie the basis of why certain cells became irregular, leading to cancer (3, 4). These early publications from his thesis work demonstrate his versatility in moving from the eukaryotic systems he was most familiar with to the prokaryotic systems he would begin to exploit with greater regularity.
university life beyond the laboratory
His early Berkeley interlude marked the period during which he met his future wife, Leona Greenbaum, who was a graduate of Hunter College and had also enrolled in a graduate programme at UC Berkeley (where she studied mycology and received an MS in botany in 1960).
They shared an interest in social change movements, folk dancing and food. Leona and Allan were clearly a match made before eHarmony (an internet dating site claiming to match couples on the scientific basis of more than 50 variables), raising the eyebrows of friends and family. They differed greatly in height, in upbringing, in religion, in ease with the outdoors, and in artistic outlooks. However, they shared a love of travel, books, opera and the theatre and, more importantly, politics. They both also liked to cook, and made a point of searching out small, obscure restaurants serving delicious third-world cuisines. Leona was a little older, a New York City girl who learned to drive only in her sixties. She was as outspoken as Allan was reserved, and made a habit of striking up conversations with strangers on buses, in the market and waiting in line at the bank or post office. One thing Allan said he could count on from her was surprises, including having to pick his way in the dark across a living room floor over a visiting troop of Girl Scouts camped out there. Throughout their time together she remained an important source of intellectual stimulation for his work. Leona always encouraged him to think about broadening both his scientific and social perspectives, and on his next journey she accompanied him to Brandeis University in Boston and a postdoctoral fellowship with Dr Nathan Kaplan. Nate Kaplan was a former member of the Manhattan Project, and a fellow biochemist with a doctorate from UC Berkeley (1943), who had been recruited to build a new graduate programme at Brandeis in 1957. Allan thrived in this Boston environment, where the enzyme lactate dehydrogenase was a model system and cancer was a continued focus for many. Several themes common to later graduate student training at Berkeley emerge in this context, namely Kaplan's institution of graduate research rotation projects as a formal part of the first-year graduate experience, and regular reporting of these research project results requiring formal presentations documenting student progress. His early publications in the collection with Kaplan and colleagues reveal a return to birds and an exploration of enzyme diversity between species in oxygen-'limiting' environments versus those experiencing less oxidative stress (5) . There is also evidence of his growing awareness of gene duplication as a force directing molecular diversity, as well as complicating the correct reconstruction of taxonomic relationships between species. Working to identify forms of this enzyme specific to tissues such as muscle versus heart or liver, he also helped to stumble on a practical extension of these enzyme differences and also the need for truth in labelling. Boston fish markets sometimes mislabelled their products for sale, to justify higher prices for more sought-after species. Cod versus haddock provided an example, in which LDH isoforms (alternative forms of the protein lactate dehydrogenase) could be used to enforce truth in advertising. Later, Allan's lab in Berkeley began developing its expertise with mitochondrial DNA (mtDNA) sequencing, and several former postdoctoral fellows applied this lesson. Stephen Palumbi used it for detecting illegal whaling in Tokyo fish markets, and Rob De Salle unmasked fake Beluga caviar sources from upscale shops on the Upper East Side of New York! back to berkeley as an independent scientist Allan returned to Berkeley in 1964 to set up his laboratory in the Biochemistry Department as an assistant professor. He remained at Berkeley during his entire academic career, promoted to associate in 1968 and full professor in 1972. Reflecting on his long career there with me after I took my own 'real' job at the University of Hawaii at Manoa, he related that beginnings were always hard, and how important it had been to him that early on he had had a stable family life, one that Leona kept steady and serene. In retrospect, after observing (and hearing) some stormy interactions with Leona, his use of the adjective 'serene' seems comical. He related that he was always sincerely grateful to return home at night to his wife and kids running up to him in the driveway as he parked the car and unloaded a briefcase of work. Interactions with fellow Berkeley faculty could apparently be perilous, given the expectations that some had of imminent Nobel prizes. His children later had to deal with schoolyard taunts of a classmate who bragged that her father was more famous than their own dad. But again, Allan balanced these situations with his gratitude to senior scientists such as Pardee and Barker, who organized the old Biochemistry Department to include a common stock room, a library with shared journals and reference materials, a lunchroom to facilitate informal get-togethers, and an annual retreat to encourage open, pre-publication communication of new research results. His appearance in a photograph taken in 1968 with Ruth and David at Yosemite National Park (figure 3) is a stark reminder to me of the inevitable passage of time.
I first met Allan in 1974, when he guest lectured on molecular anthropology in an anthropology class that I attended as a non-traditional postgraduate, taught by Vincent Sarich, his former PhD student, who was one of four professors of physical anthropology at that time in Berkeley (serving with Sherwood Washburn, Phyllis Dolhinow and F. Clark Howell). In contrast to the complicated and contrasting views of primate relationships presented by a patchy fossil record, ethology (or comparative anatomy), the approach that Allan and Vince took to illustrate primate relationships (6, 7), including the connection between humans, chimps and gorillas, seemed intuitively obvious to someone with a background in genetics and biochemistry. How could their conclusions of recent shared common ancestry have evoked such controversy? Even with all the new australopithecine fossils being described, I immediately knew I wanted to join their research team, and in the following year I was accepted into the anthropology graduate programme. For two years I mostly operated on the fringes of Allan's lab, learning polyacrylamide electrophoresis and everything I could about the systematics of macaques and baboons.
The Wilson lab at that point was a smoothly operating machine. In 1980 we female students kidded Allan about his prematurely grey hair and his usual mode of weekday dress, which was a white shirt, grey trousers and black Oxford shoes, earning him his codename 'Grey Eminence'.
It took little time to realize that some of that grey hair was probably due to his students. After getting up the nerve to ask him about why he always preferred to wear the same 'uniform', he replied that never having to waver in his clothing choices (except at weekends) meant never having to waste time on meaningless trivia. For him, it was enough of a challenge helping to get his kids up and fed, with homework done, and himself out of the door in the morning. He claimed that his best ideas came to him as he was brushing his teeth, and the rest of the day was downhill from there. Perhaps his experience as a young father helped him understand the stresses that his students with children of their own were undergoing as well, and I do not think it was an accident that several married students with toddlers gravitated to his lab. (The lab bench I inherited came with a lower drawer complete with teething marks, which I later learned from the lab's long-time dishwasher, Mrs Eudola Bradley, were courtesy of Linda Maxson's young son, whose mother used it as a temporary crib.) Allan showed remarkable patience with all of us, some more mature than others, and some more active in extracurricular activities. With the Berkeley campus in the centre of many political battles, his former student Tom White related years later that Allan had once bailed him and another labmate out of jail after a Black Panther demonstration! The lab had its share of drug raids, punk bands formed, gay and political activists, belly-dancer enthusiasts, mountain climbers and cave explorers, and Zen priests. How he endured the years of loyalty oaths for Berkeley faculty and kept his proud New Zealand citizenship throughout remains a mystery to me. Many of us were able to gather in Berkeley for a party organized to celebrate the 25th anniversary of his molecular clock. He took our personality quirks in his stride, calmly smiling and storing up blackmail material for later when he needed a favour, usually his request to take a very young student protégé into one's lab for the summer. Allan reserved his rare public expressions of ill-temper for people whom he judged intolerant racists, scientific creationists or molecular-clock deniers. In later years, Allan was usually more at home behind a desk than collecting samples in the field, but he was such an avid birder that his final version of field work usually included a pair of binoculars and a good bird book (figure 4). Any visit to a wildlife sanctuary always prompted a string of new questions.
day to day in the wilson lab
His fearsome lab manager and former student Dr Ellen Prager intimidated everyone new and was the enforcer of all regulations, written and unwritten. She was the gate-agent, eyeballing the traffic in and out of our fourth-floor labs, and a vigilant watchdog for keeping Allan to his scheduled appointments. Ellen was also a prolific co-author of many publications with Allan on bird lysozymes. She was so much more than a co-author, however, functioning as the historian of the lab, the keeper of his grant proposal and manuscript drafts, the overseer of research grants, and the custodian of freezers and/or cold-room space. She hated the fact that some of us insisted on playing loud rock and roll as we worked, although we did not disturb Allan because his office was a bit down the hall from the lab. The actual lab was made up of three adjoining rooms, so a demilitarized zone in the centre room eventually evolved to separate the incompatibles. Allan's approach to lab noise was simply to walk in and pull the plug on our radios and boom boxes if he wanted to talk, because he never bothered with on/off switches. When the original Sony Walkman was invented, it made a near-universal overnight appearance in our lab coat pockets. It took those first few years to learn who had finished which previous theses, who had followed up on unfinished threads, and how the various projects interrelated. Samples were spread out between freezers and refrigerators by the yard, everyone with a designated shelf. Norman Arnheim, Allan's first postdoctoral fellow, was king of the freezer space for a very long time, judging by his accumulated lysozyme reagents. Eventually Allan was renting commercial meatlocker space to accommodate his collection of stomachs, bones, placentas, blood, antisera, cultured cells, and whole bodies. Road kills and zoo specimens, including a whole alligator, kept company together, tagged with a name and a collection site. One shudders to think now of the lab biosafety issues, but it was a different era then. By 1978 I was finally getting a grasp of the full scope of Allan's impact, just as the lab was making the transition from proteins and immunology to restriction enzyme analysis, recombinant DNA work and DNA sequencing.
Cross-fertilization between the Zoology Department's Museum of Vertebrate Zoology and Allan's lab provided ample intellectual stimulation, as students shared technologies and samples. There existed a subtle differentiation between those lab facilities, with the Museum of Vertebrate Zoology operating an efficient starch-gel electrophoretic laboratory for population genetic work (two classic examples with Galapagos tortoises and western salamanders are given in Feder et al. (1978) and Marlor & Patton (1981) ), and Allan's lab specializing in applications of the micro-complement fixation method, using an indirect measure of protein divergence to reconstruct with immunology the relationships between species. This was the method made famous by Vince and Allan in their papers challenging the palaeoanthropology community over the correct timescale for the divergence of humans and apes. It was also the same method that led Allan, with Ellen, Linda Maxson, Susan Case, Lorraine Cherry and others to suggest that morphological evolution was more likely to be dependent on gene regulatory changes than on individual substitutions in protein-coding sequences (8, 10) . A famous paper by Allan and Mary-Claire King highlighted this difference between humans and chimpanzees, using her electrophoretic data as well (11). Today the MorphoBank project, funded by the National Science Foundation and aimed at helping researchers determine what a common ancestor of a group of organisms might look like, would be a prime resource for his students. Allan had also just completed, with former students Tom White and Steve Carlson, his famous review of molecular evolution (12) , and had established that a molecular clock, in the words of former student Steve Beverly, could keep 'damn good time!' Allan used his appointment to the editorial board of Journal of Molecular Evolution to help keep abreast of the latest research in his field and to forge new alliances with international groups interested in the same problems as he was. This journal started in 1971, publishing a steady stream of papers on proteins and complex molecular interactions, including those between duplicate genes and gene families. This was a topic of particular interest to Allan, because he viewed gene duplication as the key to the acquisition of new functions in the cell. At the time of his death in 1991 he was an associate editor and quite an active contributor. The steady stream of illustrious scientists knocking on his office door to attend editorial meetings and discuss contributions included Linus Pauling, Masatoshi Nei, Francisco Ayala, Walter Fitch, Carl Woese, Émile Zuckerkandl, Tom Jukes, Harold Vargus, Mike Bishop, David Penny, Joe Felsenstein, Bob Selander, Oliver Ryder, Charles Sibley, Luca Cavalli-Sforza, John Maynard Smith, Bill Hamilton, Peter Grant and Ernst Mayr. Some of his collaborators had gathered samples for biological research from New Guinea on a new exploration platform, R/V Alpha Helix, funded by the National Science Foundation and operated by the Scripps Institute of Oceanography. He also had samples from zoos and herbaria around the world, aquaria scattered far and wide, and private game farms. He himself secured materials from Africa and the Middle East as a result of sabbatical trips to the Weizmann Institute and Nairobi. Other collaborators were suggesting work with mummified tissues and samples preserved in amber. Publications, drafts, proposals, and correspondence with many of these scientists and their students, who went on to become famous for their own discoveries, has been assembled by Ellen and is now archived at UC Berkeley's Bancroft Library, accessed through 'Finding aid to the Allan Wilson papers, 1953-1998, bulk 1962-1991' (http://www. oac.cdlib.org/findaid/ark:/13030/kt958035w4/dsc/#c01-1.3.6.12).
Finding the sources to fund this work was a constant issue, because his lab was exploding in size, and the advent of recombinant DNA techniques required his acquisition of new equipment and supplies. His relationship with Bruce and Giovanna Ames, faculty members who operated in adjacent laboratory space, was especially helpful in bridging the lean years of transition: Bruce was able to pay for certain shared services when Allan could not. Allan talked often about his and Leona's warm interactions with the Ames duo over Giovanna's gourmet dinners, his discussions of oxidative stress and mutation rates with Bruce, and how changes in the human diet were putting mutational pressures on the human gene pool that would be interesting to follow over time (Ames et al. 1993) . As Allan got deeper into mitochondrial genetics, these discussions intensified to involve his students and postdoctoral fellows, stimulating research questions about lifespan, copy number, metabolic rates and brain size. The relation between molecular evolution and the evolution of the brain was a problem that he kept returning to, and one could safely predict that, had he lived, he would today be investigating brain-specific regulatory RNAs.
change the eMphasis froM proteins to dnas
The transition in the Wilson lab to DNA technologies was eventually achieved by advances on two fronts, both with the help of valued collaborators in the person of haematologist Yuet Wai Kan, his former postdoctoral fellow Norm Arnheim, and Wesley M. Brown, an enterprising 'orphan' from Cal Tech who sought out Allan's help while publishing his thesis results on the isolation and analysis of mtDNA (Brown 1980 ), performed in Jerome Vinograd's lab at Cal Tech and brought to an abrupt end with Vinograd's sudden death. Allan encouraged his many graduate students to develop their own networks, and a very fruitful one fostered by Elizabeth Zimmer and the Kan laboratory at the University of California at San Francisco opened the door to globin gene family evolution for Sandra Martin, Karen Vincent, Barbara Chapman and William Davidson, among others. Working with Kan, they brought together Allan's interests in the processes of gene duplication, regulation at a distance from a structural gene locus, and complexity in using duplicate gene sequences to reconstruct phylogenetic relationships (13, 14) . From a medical diagnostic lab came new techniques and an open window that transferred these back to work with the lysozyme systems of birds and mammals. The Arnheim lab provided further assistance for cloning and work with repetitive sequences. At the same time, Allan and Wes recruited a team in 1979 to begin exploring the use of his restriction mapping of human animal mtDNAs for population genetics. The first large-scale sequencing project for humans, the Sanger sequence of human mtDNA, which is now known as the Cambridge Reference Sequence (Anderson et al. 1981) was assisted by Wes's meticulous restriction endonuclease maps that helped place ambiguous fragments in the correct order, independently verifying the annotation of that genome. The ability to prepare, to biochemical purity, mtDNA from hundreds of different animals meant that entire populations could be analysed at a fraction of the cost and time required for cloning and sequencing a single nuclear gene at that time. In addition, the uniparental inheritance pattern of the mitochondrial genome in most animals meant that phylogenetic reconstruction depended on a simpler pattern, with genetic recombination largely eliminated as a consideration. A cherished memory of Wes and Allan's interactions comes from a presentation made by Wes at the annual Asilomar retreat, where a frustrated Allan pulled his headstrong postdoctoral fellow off the stage with a shepherd's crook after he had gone 20 minutes over his allotted time.
From my personal perspective, our papers on human mtDNA and the exploration of modern human origins tested Allan's ability to engage the public as well as his peers in scientific debate (18, 20) . We struggled with graphics, with metaphors, and with each other as the media circus swirled around us. A fierce backlash in some anthropological circles carried personalized attacks that also stung. We were even accused of finding the right answer but for all the wrong reasons. The mother of us all had somehow morphed into the wicked witch, and the name Mitochondrial Eve stuck like nothing had before. Allan's advice through all of this was to wait, watch, and let the dust settle. We had published our data, for all to see, and we just might be wrong, but he did not think so and neither did I.
The Wilson lab publication record for papers in rodent, bird, fish, monkey and human mtDNAs during the 1980s and 1990s fostered a new team of scientists engaged in looking at biodiversity from a fresh perspective. It also placed additional pressure on all of us struggling with the least biased way of portraying molecular data in populations constantly exchanging genes, because the computer-assisted methodologies that we used to build phylogenetic trees were based largely on assumptions that populations were forever diverging into new species. If one added to that the fact that mtDNA is such a large part of the total DNA content of a eukaryotic cell, making it more likely to survive the degradation of time, the dream that these phylogenies would extend into history now became reality. First came a quagga, an extinct zebra (22) , and the world of ancient DNA exploded. The Presley Institute of Fossil Biochemistry became more than just a velvet painting of Elvis on the wall in the lab middle room: we imagined it would be possible to fund ancient DNA research based on recovery of DNA from shed skin cells of clothing touched by dead celebrities. Some veterans of this era in the Wilson lab fanned out to help found centres of excellence in Natural History Museums and university institutes around the world. A DNA lab in a museum is now considered standard fare, thanks to Allan's impetus. A student's doctoral thesis on the systematics of an obscure group of plants or animals, without reference to a molecular phylogeny, is unheard of today. The debate to use a universal 'barcode' to formally describe biodiversity in groups for which no taxonomic expert can reasonably hope to study fully can be directly linked to his paper on universal polymerase chain reaction primers for mtDNA studies with Tom Kocher, Kelly Thomas, Axel Meyer, Scott Edwards, Svante Paabo and Frances Villiblanca (23) . The fact that the '2% per million years of divergence' mantra attached to the rate of mtDNA evolution is a starting point for many is based on years of carefully sought specimens, calibration and recalibration, bootstrapping, and long nights in the lab when you finally had unlimited access to the thermocycler. The relatively simple mitochondrial genome had two major advantages in evolutionary reconstruction. First, it had a single-parent transmission pattern in most animals, with no genetic recombination to befuddle the construction of a shared ancestor. Second, while containing a limited number of essential genes, it also contained non-coding regions with a very high mutation rate, making it ideal for examining recently diverged species and geographically distinct populations.
his warMth as a Mentor Matched his skills as a researcher
Throughout this period of rapid lab expansion and increasing rate of publication, Allan stayed close to his family and long-time associates. Leona's initial diagnosis of breast cancer proved to be an event that disrupted some of his travel and speaking schedules, which had become quite demanding. Many of us experienced a phone call asking whether we would consider giving a paper at an invited conference, because he had declined to appear and suggested we were the more appropriate speaker anyway. This generosity no doubt irked some symposium organizers who were hoping to snare the 'big cheese', but it also reflected Allan's spirit in that his name was rarely first in author order, even if the idea had been his to begin with and he had largely written the paper. When I go through citations in texts, I am often struck by this pattern, in comparison with many other senior scientists. The fame accompanying his MacArthur Foundation award in 1986 surpassed his previous two Guggenheim Fellowships and his appointment as a university professor by the Berkeley campus, an achievement given only to their most prominent educators. What his family in New Zealand made of all the attention is unclear. Allan and Leona made the trip back to Pukekohe for his mother's 80th birthday party and family reunion (figure 5). They stopped to stay with me in Hawaii en route, bringing sto- ries of old friends and new crazy ideas. As usual, Allan was eager to hear what progress I was making in setting up my own research programme, and we shared a final trip out to Kauai for some birding. Leona commented that she thought Allan had been losing too much weight. Allan's story would not be complete without a footnote about the development of the polymerase chain reaction as a working tool, used today in all molecular genetic laboratories. A cadre of Allan's former colleagues and students eventually assembled in a biotechnology start-up in Alameda, California, with ties to the Berkeley Biochemistry Department. In the mid to late 1980s they needed a tested and well-understood proof-of-concept molecule to demonstrate the capability of Kerry Mullis's fledgling technology. Having a great idea is one thing; executing a controlled experiment is another. No one understood this more than Allan, and he quietly assisted their efforts to establish working protocols that would generate consistent and reliable results, especially for ancient DNA studies (24) . Norm Arnheim, Russ Higuchi, Henry Erlich and Tom White were there in the trenches, using globin constructs, modern and ancient mtDNA fragments, and other bits and pieces from the Wilson lab. Fortunately, Allan lived long enough to enjoy the blossoming of this technology and to help direct its future use in molecular evolutionary studies. As recognition of his further achievements, he received the 3M Life Sciences Award from the Federation of American Societies for Experimental Biology in 1991.
The Allan Wilson Centre for Molecular Evolution was founded in New Zealand to carry on the work promoted by Allan's insistence that new insights into important biological and chemical processes essential to life on Earth would stem from seeing the natural world with a properly trained mind. He wanted young scientists to have access to multidisciplinary tools that would equip them to solve problems of use to all scientists, and to learn the communication skills that would engage the general public in the thirst for that knowledge. That training would include bioinformatics, breakthroughs in environmental sciences using molecular tools for disease ecology, and an appreciation of the wondrous species diversity evolving in isolation in their own backyards. Universities and institutes partner to form a core with a defined mission of education and outreach now, fostering science in a way that Allan envisaged would help provide a new future for the home that he really never left. 
